A series of experiments were carried out to observe the effects of rhizobacterial and agrobacterial inoculation, singly or combined on the total content, concentration and distribution of the biochemical components (total soluble protein, soluble nitrogen, proline, peroxidase activity, total soluble phenolic, nitrate reductase activity, nitrate, chlorophyll), physiological characteristics (percentages of growth, number of roots, fresh and dry weight of roots, maximum and total length of roots) and mineral contents (N, P, K, Ca and Mg) of in vitro banana plantlets, Berangan cultivar (AAA) using MS basal medium. The aims of this study are to determine the influence of various rhizobacteria sp. and Agrobacteria sp. inoculation, singly and combined on biochemical and physiological changes of the important banana plantlets in Malaysia, Berangan cultivar (AAA).Results from the inoculation study using MS basal medium were indicated that Vol. 2, No. 1
Introduction
Challenges faced by the banana industries from globalization are a result of lack of increased production and productivity, absence of economical scale of production, higher cost of inputs and low levels of technology used in the production system. Rhizobacteria that exert beneficial effects on plant growth and development are referred to as plant growth-promoting rhizobacteria (PGPR).
The use of PGPR to promote plant growth has increased in various parts of the world. PGPR can affect plant growth by producing and releasing secondary metabolites and facilitate the availability and uptake of certain nutrients from the root environment (Zahir et al., 2003) . A promising trend for increasing the efficiency of nitrogen fixing bacteria could be used naturally or through artificial mixtures of microorganisms (Okon and Labandera-Gonzalez, 1994) . Herbaspirillum seropedicae is a nitrogen-fixing bacteria found in association with economically important plants (Bashan et al., 2000) .
Inoculation with Azospirillum halopraeferens, a mixture of two Azospirillum brasilense strains, a mixture of Bacillus licheniformis and Phyllobacterium sp. has significantly increased plant height and dry weight of oilseed (Salicornia bigelovii) (Bashan et al., 2000) . Co-inoculation is based on mixed culture inoculation, combinations of microorganisms that interact synergistically, or when rhizobacteria is functioning as a 'helper' bacterium to enhance the performance of other beneficial microorganisms. Co-inoculation of a Pseudomonas sp. with Mesorhizobium strain (Ca181) has shown a significant increase in nodule weight and shoots biomass of Vigna radiata, when grown in sterilized condition (Sindhu et al., 2002) . The objectives of this study are to determine the influence of various rhizobacteria sp. and Agrobacteria sp. inoculation, singly and combined on biochemical and physiological changes of the important banana plantlets in Malaysia, Berangan cultivar (AAA).
Materials and methods

Plant materials
Banana plantlets cv. Berangan (AAA) established in a standard MS solid medium (Murashige and Skoog, 1962) . One-month-old plantlets were cultured in 30 mL modified MS liquid medium at pH 5.7 using 100 mL Erlenmeyer flasks. The cultures were incubated on an orbital shaker at 80rpm and were exposed to continuous fluorescent light at 27 o C ± 1 o C for a month. The one-month duration was sufficient for plantlets to absorb all nutrients that were available in the media. The 30 mL MS liquid medium was replenish with fresh medium at two week intervals.
Bacterial cultures
Rhizobacterial and agrobacterial cultures were used in this experiment. The treatments were: inoculated, singly or combined with 1 mL of different species of rhizobacteria and agrobacteria into the MS liquid media at 1x10 Experiments were divided into three sequential experiments; inoculated singly with rhizobacteria (Experiment A), or agrobacteria (Experiment B) and combined (rhizobacteria and Agrobacteria) (Experiment C). The medium were inoculated with different species of rhizobacterial and agrobacterial, singly or combined at 1x10 7 -1x10 8 cfu/mL (OD 600nm ) concentrations. Experiment C: Co-inoculation (mixed cultures) treatment of the rhizobacteria and agrobacteria were carried out using Azospirillum brasilense Sp7, Bacillus sphaericus UPMB10 or Microbacterium oxydens UPMB11 mixed with Agrobacterium rhizogenes strains AR9402 or A4. A single inoculated treatment using Bacillus sphaericus UPMB10 and non-inoculated treatment were used as controls.
Plantlets that have been inoculated with the respective bacterial treatments were placed on orbital shaker (80 rpm) at 27±1 o C under continuous florescent light. Physiological parameters recorded include plant growth, number, fresh and dry weight and maximum and total length of roots.
Similarly, biochemical changes such as total soluble protein content (Bradford, 1976) , soluble nitrogen Speis (1957), proline (Bates, 1973) , peroxidase activity, total soluble phenolic content, nitrate reductase activity (Andrew et al., 1992) , nitrate content, and chlorophyll content (Harbone, 1973) after one month of culture. To determine the percentage of N, P and K in plantlets, Digesdahl Digestion Apparatus Methods were used. The whole plantlets were dried at 60 o C for 2 or 3 days and their weights were recorded. A 0.2 g of samples was grinded. The samples (dry plantlets) were put into a 100 ml digestion flask. A 5 ml of concentrated sulphuric acid (H 2 SO 4 ) was added into the digestion flask and swirled to get an even mixture. Meanwhile, the digesdahl apparatus were set at 44 o C. The samples were heated until white smoke disappeared or after 5 to 10 minutes. A 5 ml of hydrogen peroxide (H 2 O 2 ) was added and digestion continued until the boiling ceased and clear samples were obtained indicative of complete digestion. The samples were removed from the digestion apparatus to cool and the volumes were adjusted to a final 100 ml with distilled water. The solution was then filtered using Whatman Paper No. 42 and collected in plastic vials. The N and P concentration were determined by using auto analyser apparatus. The samples were taken directly from the filtrate. For K determination, the filtrate needs to be diluted to 25 times. The samples for K concentration were determined using the flame photometer. All the nutrients determination was carried out in the Analytical Laboratory, Department of Land Management, and Faculty of Agriculture UPM.
Statistical analysis
The experimental were set up with 10 replicates and repeated twice. The result were compared by ANOVA and tested by Duncan's multiple range test to find the differences between treatment means at the 5% (0.05) significant level. Data were analyzed using the general Statistical Analysis system (SAS).
Results and discussion
Growth and root biomass
In experiment A, single inoculation with rhizobacterial species experienced an increase in growth of the plantlets, number, fresh and dry weight, and total length of roots of in vitro banana plantlets (Figure 1 ). Results showed that single inoculation with UPMB10 had the highest increase in growth of plantlet at 172% (control is 119 %) (Figure 1a ;2). Inoculation with UPMB11 also showed an increase up to 35.3% but Sp7 did not produce a significant increase (4.2%) when compared to the control. The results showed that rhizobacterial species UPMB10 and UPMB11 have the ability to increase plant growth under in vitro conditions after one month of treatment. Inoculation with all three species of rhizobacteria increased the root number of banana plantlets compared to the control (Figure 1 a-b) . Inoculation with Sp7 gave the highest increment at 7, followed by UPMB11 and UPMB10 treatments, both gave similar increment, 5. The root fresh weight also showed an increase when inoculated with Sp7 and UPMB11 at 0.78 g and 0.79 g, respectively (Figure 1 a-c) . Inoculation with UPMB10 showed no change in weight compared to the control. Inoculation with UPMB11 showed an increase in root dry weight at 40.3 mg while the other treatments showed no change in weight compared to the control (Figure 1 a-d) . The maximum root length showed a significant (P<0.05) increase only in UPMB10 treatment at 29.5 cm while the others showed no significant change (Figure a-e) . The total root lengths showed an increase only in UPMB11 and UPMB10 treatments at 47 and 46.3 cm, respectively, compared to control while Sp7 produced no significant (P<0.05) change (Figure 2 ).
In Experiment B, inoculation with agrobacterial on in vitro banana plantlets showed inherent effects in enhancing growth of the host plant. The growth of plantlets and root biomass as number, fresh and dry weight of roots, maximum and total lengths of root are shown in Figure 3 . Generally, inoculation with strains of AR9402 and A4 showed increased growth of plantlets (211-181%) (Figure 3 ) compared to the control. In addition plantlets treated with agrobacterial strains 15834 and 8189 exhibited growth within a range 43-61%, significant lower than the control (Figure 4) . Sindhu et al. (2002) reported that production of toxic metabolites with an inhibitory effect on growth of roots by non-fluorescent Pseudomonads. The experiment has shown that inoculation of agrobacteria especially from strain AR9402 and A4 have the potential to stimulate growth and root biomass of the host plant. Inoculation of Agrobacterium strains AR9402 and A4 have shown inherent effect in stimulating growth and rooting system of the in vitro banana plantlets. It is well established that Agrobacterium species play an important part in promoting rooting system of plants. Based on the results, it is interesting to highlight that the association of agrobacteria (strain AR9402 and A4) and plantlets have successfully enhanced growth and rooting system of the host plant. According to Freitas et al. (1997) , the most common bacteria associated with roots of field crops were bacilli (34%) and pseudomonads (17%), with the most abundant being B.brevis, B. licheniformis, B. megaterium and B. sphaericus.
In Experiment C, the combined treatments of rhizobacteria and agrobacteria were tested in association with in vitro banana plantlets. The data of six combined inoculation treatments with rhizobacterial and agrobacterial on plant growth, number, fresh and dry weight, maximum and total length of roots are shown in Table 1 . The plant growth highest in UPMB10+A4 (685.5%) treatment, followed by UPMB11+AR (673%), UPMB11+A4 (641%) and UPMB10+A4 (435.5) treatments. The Sp7+AR (409%) treatment showing no change compared to control (Table 1) . Table 1 These results suggested that rhizobacteria (UPMB10 and UPMB11) acted synergistically with agrobacteria (AR940 and A4) and were effective in promoting growth of the plantlets. Thus, these rhizobacteria could be exploited as co-inoculants with agrobacteria for better plant growth. Similar results were obtained by Shindu et al. (2002) with co-inoclulation of Pseudomonas strain and Mesorhizobium which stimulated nodule fresh weight and plant dry weight. Thus, combination of rhizobacteria and agrobacteria should be evaluated since they may have a potential as future inoculants
Total soluble protein
Total soluble protein in leaves and roots increased after inoculation with Sp7 and UPMB10 with no change observed for UPMB11 treatment, compared to control ( Figure 5 ). The total soluble proteins in leaves for both Sp7 and UPMB10 are much higher than in roots with those for leaves at 15.0 mg/gfw and 19.0 mg/gfw and for roots at 14.0 mg/gfw and 15.8 mg/gfw, respectively.
Total soluble protein content in leaves and roots were also markedly increased by inoculation with agrobacterial strains AR9402 and A4 but showed a reduction with strains 15834 and 8189. The total soluble proteins in leaves for both agrobacteria strains AR9402 and A4 are much higher than in roots with those for leaves at 24 mg/gfw and 25 mg/gfw and for roots at 16.6 mg/gfw and 18.9 mg/gfw, respectively. It was observed that the soluble protein increased only in treatment inoculated with agrobacteria strains AR9402 and A4, which showed similar trend in growth and root biomass of plantlets as shown in Figure 5b .
The highest leaf protein content was obtained from plantlets that were co-inoculated with different species of rhizobacterial and agrobacterial. It was UPMB10+AR treatment (20 mg/gfw) followed by UPMB11+AR (19.8 mg/gfw), UPMB11+A4 (18.96 mg/gfw) and UPMB10+A4 (18 mg/gfw) treatments (Figure 5c ). Similar trends were observed in root protein of plantlets whereby, UPMB10+AR treatment showed the highest in root protein at 19.5 mg/gfw compared to other treatments.
Figure 5
The results showed that the combined inoculation of rhizobacteria and agrobacteria affected the amount of total soluble protein of plantlets. Combined inoculation with UPMB10 and agrobacterial strains AR9204 produced superior result in protein content compared to other treatments. The increase of total protein content of plantlets could be related to the enhancement of root growth and stimulation on nutrient uptake.
Soluble nitrogen
Inoculation with three species of rhizobacterial into the media did not produce a significant increase in leaf soluble nitrogen content of plantlets when compared to the control ( Figure 6 ). Inoculation with UPMB10 showed the highest increase in root soluble nitrogen content which increased up to 23.2%, followed by Sp7 and UPMB11 treatments at 21.5% and 20.3%, respectively (Figure 6a) . The results showed that all species of rhizobacterial have the ability to increase soluble nitrogen content of banana plantlets only roots, not in leaves.
Figure 6
Inoculation with agrobacterial strains A4 showed the highest soluble nitrogen content of in vitro banana plantlets in both leaves and roots at 389 μg/gfw and 235 μg/gfw, respectively. Inoculation with agrobacterial srains AR9402 also show significant increase in leaves and roots soluble nitrogen content of plantlets at 345 μg/gfw and 213 μg/gfw compared to the control. But those with treatment 15834 (leaves: 150.0 μg/g fw, root: 98.6 μg/g fw) and 8189 (leaves: 180.0 μg/g fw, roots: 99.5 μg/g fw) showed significantly lower than the control (Figure 6b ). These phenomena indicated the ability of the inocula tested, Agrobacterium rhizogenus strain AR9402 and A4 to increase the content of soluble nitrogen of the in vitro banana plantlets An increase was also observed in treatments of UPMB11+AR, UPMB11+A4 and UPMB10+A4 (Figure 6c ). These results indicated that combined inoculation treatments directly affect the soluble nitrogen content of plantlets, as physiological effects (percentages of growth, number of roots, fresh and dry weight of roots, maximum and total length of roots). The mechanism of growth promotion by co-inoculation is not well understood; however a wide range of possibilities have been postulated including an increase in insoluble nutrient and subsequent enhancement in uptake capacity by plant which eventually will stimulate plant growth (Bashan and Holguin, 1995) .
Proline
Inoculation with rhizobacteria showed dramatic decrease in proline content of roots for all species compared to control ( Figure 7) . The descending order of effect of rhizobacterial inoculation on root proline content: UPMB11>Sp7>UPMB10 with values of 58 ug/gfw, 45.6 μg/gfw and 34.2 μg/gfw compared to control at 126.7 μg/gfw ( Figure 7a ). There is an increase in proline content of leaves for Sp7 treatment at 49.7 μg/gfw compared to control at 35.0 μg/gfw.
Figure 7
Plants inoculated with agrobacterial strains 15834 and 8189 showed higher proline content compared to the control in both leaves and roots within a range 77-85 µg/gfw and 178-241 µg/gfw, respectively (Figure 7b ). High accumulation of proline content in the treatment inoculated with agrobacterial strains 15834 and 8189 could be related indirectly to the inoculation process retarding root growth and development of the plantlets. Similar reports have been shown by Wang et al. (1999) that a decrease in growth rate was accompanied by an increase in proline level. Proline is considered to be involved in osmotic adjustment (Wang et al., 1999) . The beneficial role of proline in plant stress tolerance demonstrated that proline can increase the tolerance of plant to abiotic stress (Saleena et al., 2002) .
Combined inoculation of rhizobacteria (Sp7) and agrobacteria (strains AR9402 or A4) showed a higher level of proline content in both leaves and roots compared to other treatments. The distribution of proline accumulation was more in the roots rather than leaves since the roots are in contact with the medium and inocula. Proline content of leaves of the plantlets treated with Sp7+A4 and Sp7+AR was higher compared to other treatments at 78.4 μg/mg protein and 91.4 μg/mg protein, respectively. For other treated plantlets, the leaf proline content was within a range 31.0-44.0 μg/mg protein with the control at 39.0 μg/mg protein. Similar result were observed in roots of plantlets: Sp7+A4 treatment showed the highest proline content at 181.8 ug/mg protein followed by Sp7+AR9402 treatment at 167.4 μg/mg protein and other treatments within a range 29.0-65.0 μg/mg protein and control at 151.8 μg/mg protein (Figure 7c ). Based on the result on plant growth, combined inoculation of Sp7 with AR9402 or A4 showed inhibited plant growth (Table 1) .
Peroxidase activity
Peroxidase activity after inoculation with UPMB10 showed an increase to 1896 U/mg protein in leaves and to 3897 U/mg protein in roots compared to the control (Figure 8 ). Treatment with other species did not show significant change in peroxidase activity compared to the control in both leaves and roots. Plant peroxidase can reinforce the cell wall through the deposition of several cell wall components such as lignin, suberin and extensin (Lagrimini, 1996) .
Figure 8
Leaves of plantlets inoculated with agrobacterial strains 8189 showed highest peroxidase activity at 5136 U/mg protein, followed by plants inoculated with agrobacterial strains 15834, AR9402 and A4 at 2400 U/mg protein, 3001 U/mg protein and 1900 U/mg protein, respectively compared to the control at 2500 U/mg protein. Similarly in root, the peroxidase activities were higher in the presence of agrobacteria in medium to within a range 5647-9230 U/mg protein with the control (without agrobacteria) at 3463 U/mg protein (Figure 8b ). The precise function of peroxidase in plant growth, development and stress tolerance remained unclear though evidence indicated that peroxidase is involved in host defense and stress induced lignification (Lagrimini et al., 1996) .
The data presented in Figure 8c show the combined inoculation of rhizbacteria and agrobacteria on peroxidase activity of plantlets. Highest peroxidase activity was observed in UPMB10+ AR9204 treatment in both leaves and roots at 3514 U/mg protein and 9423 U/mg protein, respectively. Combined inoculation of rhizobacteria Sp7 with agrobacterial strains AR9204 or A4 showed a decrease in peroxidase activity compared to uninoculated or single inoculation of banana plantlets.
Phenolic compound
Inoculation with rhizobacteria showed an increase in phenolic content of roots and leaves of plantlets compared to the control (Figure 9 ). In roots, UPMB10 treatment showed the highest in total soluble phenolic at 63.07 μg/gfw followed by the UPMB11 and SP7 treatments at 61.5 μg/gfw and 56.5 μg/gfw, respectively compared to control which was only at 55.25 μg/gfw (Figure 9a) . Similar results were obtained in leaves of plantlet, which UPMB10 gave at 27 mg/gfw, UPMB11; 15.7mg/gfw and SP7; 11.2 mg/gfw and control was only at 10 mg/gfw.
Figure 9
The total soluble phenolic in roots for both treatment, AR9402 and A4 are much higher than in leaves at 76.4 mg/gfw and 84.9 mg/gfw foor roots and at 13.0 mg/gfw and 15.7 mg/gfw for leaves, respectively (Figure 9b ). This result clearly demonstrated that both agrobacteria strains AR9402 and A4 could induce total phenolic compound especially in roots in association with banana plantlets under tissue culture condition. Report has shown that growth and accumulation of phenolic compounds are generally inversely related by altering the mineral uptake, water relation, photosynthesis, carbon flow, and phytohormone activity (Iosipenko and Ignatov, 1995) . Figure 10 shows NR activity in both leaves and roots of plantlets inoculated with rhizobacteria. Generally, there was an increase in NR activity for all treatments. The UPMB10 treatment showed the highest increment of NR activity in root at 0.2 U/mg protein. In leaves, the highest activity was showed by Sp7 treatment at 0.01 U/mg proteins. The descending orders of effectiveness of rhizobacteria were: UPMB10>UPMB11>Sp7 for leaves and UPMB10> Sp7>UPMB11 for roots. This study indicated that NR activity in leaves and root of plantlets increased when plantlets were grown in a media containing rhizobacteria.
Nitrate reductase activity (NRA)
Figure 10
In the subsequent analysis, the range of NR activity of plantlets inoculated with agrobacteria showed higher activities than those uninoculated. In roots, inoculation process showed an increase in NR activity of plantlets. The inoculation treatment showed a higher NR activity plantlets compared to control with a range 0.05-0.24 U/mg of protein (control at 0.01 U/mg protein). The highest was observed in AR9402 treatment at 0.24 U/mg protein. However, in leaves the NR activity was higher only in AR9402 and A4 treatments at 0.01 U/mg protein and 0.02 U/mg protein, respectively (Figure 10b ). Nitrate reductase is a substrate -inducible enzyme and is thought to be the most limiting step in N assimilation. For this reason, NR activity could be selected for yields and N assimilation potential (Li and Oaks, 1993) . The NO 3 -reduction is controlled primarily by the rate of NO 3 -uptake, rather than by alterations in NR activity or limitations in reducing power (Wilkinson and Crawford, 1993) . Figure 10c shows the effect of combined inoculation of rhizobacteria and agrobacteria on NR activity in leaves and root of the banana plantlets. Leaves NR activity was the highest in UPMB10+AR treatment at 0.25 U/mg protein and followed by treatment of UPMB11+AR (0.20 U/mg protein), UPMB11+A4 (0.13 U/mg protein), UPMB 10+A4 (0.12 U/mg protein) and Sp7+AR (0.12 U/mg protein).
Nitrate
Results showed that the nitrate content in leaves was much higher than that of roots (Figure 11 ). Inoculation of rhizobacteria showed nitrate is higher compared to uninoculated. The treatment that consists of rhizobacteria showed a higher content of nitrate compared to uninoculated in all parts of the plantlets. Results from Figure 11a shows the increase in the nitrate content of leaves in all the treatments of rhizobacteria species compared to control with UPMB11 giving the highest increment at 38.7 mg/gfw followed by UPMB10 and Sp7 treatments at 36.8 mg/gfw and 33.7 mg/gfw, respectively. Similarly in root, which UPMB10 shows the highest increment in nitrate content at 108.7 mg/gfw followed by UPMB11 and Sp7 treatments at 80.6 mg/gfw and 71.0 mg/gfw. The descending order of effectiveness of rhizobacteria was: UPMB11>UPMB10>Sp7 for leaves and UPMB10 >UPMB1> Sp7 for roots.
Figure 11
Nitrate accumulation for respective plantlets was influenced by different inoculation treatments. The highest results in nitrate content of plantlets were shown in treatment of AR9402 followed by A4 treatment in both leaves and root. The results shown were within the range of 39.0 -42.0 mg/gfw in leaves and 51.0-54.0 mg/gfw in root (Figure 11b ). The nitrate content in leaves and roots increased in combined treatments containing UPMB10 or UPMB11 combined either with agrobacteria strains AR or A4. The highest nitrate content in leaves and root was in UPMB11+AR (69.8 mg/gfw) and UPMB11+A4 (126.3 mg/gdw) treatments, respectively. The data presented in Figure 4 .8-c reveal that combined inoculation of rhizobacteria and agrobacteria showed positive effect on quantities of nitrate content in leaves and root of banana plantlets especially both agrobacteria, strains AR9402 or A4 combined with UPMB10 or UPMB11.
Results showed that nitrate content was higher in combined treatments when compared to the control or single inoculation especially in root. The increase in nitrate content of banana plantlets is probably due to an increase in NR activity in the plantlets. The promotion of plant growth by PGPR for most parts of the plants has provided the plant with a compound that is synthesized by the bacterium to facilitate the uptake of certain nutrient from the environment (Glick, 1995) .
Chlorophyll
Results from Figure 12 showed the total chlorophyll content of plantlets inoculated with rhizobacteria was higher compared to the control. UPMB10 treatment giving the highest of chlorophyll content at 7.5 mg/gfw followed by UPMB11 and Sp7 treatments at 6.4 mg/gfw and 5.2 mg/gfw, respectively. There was a positive response of inoculation in promoting chlorophyll content of plantlets
Figure 12
Total chlorophyll content in leaves was increased after inoculated with agrobacteria strains AR94027 and A4 ( Figure  12) . However, the total chlorophyll was reduced in plantlet inoculated by agrobacteria strains15834 and 8189. The total chlorophyll content in leaves for both treatment of AR9402 and A4 was much higher than the control at 6.0 mg/gfw and 5.9 mg/gfw, respectively. The chlorophyll content of plantlets inoculated with strains 15843 and 8198 shows much lower only at 0.23 mg/gfw and 0.46 mg/gfw compared to control at 4.56 mg/gfw (Figure 12b ). Leaves chlorophyll content of plantlets in the combined inoculated of rhizobacteria and agrobacteria was more effective compared to the single inoculation. The UPMB10+AR9402 treatment showed the highest chlorophyll content at 6.93 mg/gfw followed by UPMB10+A4 treatment at 6.925 mg/gfw and single inoculation (UPMB10 treatment) showed only at 3.66 mg/gfw (Figure 12c ).
According to Quilici and Medina (1998) , photosynthetic and chlorophyll content increased linearly with leaf N content in both Crotalaria and Verbasina. De Veau et al. (1990) have reported that the mean milligram of chlorophyll content per square decimeter of Bradyrhizobium inoculated soybean (Glycine max) test leaves was about 50% lower than the other group's leaves of control. The inoculated host plants utilized their chlorophyll more efficiently for photosynthetic CO 2 uptake than control plants.
N, P, K, Ca and Mg content
Effects of rhizobacteria inoculation on nutrient uptake; Nitrogen (N), Phosphorus (P), Potassium (K), Calcium (Ca) and Magnesium (Mg) content of plantlet were analyzed and presented in Figure 13 . The nitrogen level in plantlets inoculated with UPMB10, UPMB11 and Sp7 showed significant increase compared to those uninoculated (control) with an increment at 5.3 mg/gdw, 5.1 mg/gdw and 5.13 mg/gdw, respectively.
Potassium content in the plantlets inoculated with UPMB10 was highest at 5.6 mg/gdw. However treatment with Sp7 and UPMB11 showed significant lower than the control at 3.5 mg/gdw and 3.6 mg/gdw, respectively. Treatments with all species of rhizobacterial did not produce a significant change in Ca content of the plantlets compared to the control. According to Glick (1995) , Azospirillum may increase the solubilization of minerals such as phosphorus and metal in the forms that are more readily available for plant growth. Increased mineral have been attributed to the increase in uptake to a general increase in the volume of the root system and not to any specific enhancement of the normal ion uptake mechanism (Murthy and Ladha, 1988) . The plants may take up N more efficiently from the limited supply in the medium, resulting in lower requirement of N fertilizer to attain a certain yield. Supporting evidence for increased mineral uptake by inoculated roots is provided by an enhancement in proton efflux activity of wheat root inoculated with PGPR (Bashan et al., 1990) . It is well known that proton efflux activity is directly related to the balance of ions in plant roots.
Figure 13
The effect of agrobacteria inoculation on nutrient uptake of plantlets such as N, P, K, Ca and Mg contents are shown in Figure 13b . Nitrogen levels in plantlets showed a significant increase after inoculation with agrobacterial strains AR9402 and A4 at 7.8 mg/gdw and 7.9 mg/gdw respectively. But those treatments with 15834 (4.1 mg/gdw) and 8189 (5.3 mg/gdw) did not show a significant change compared to the control. Similarly was obtained in P content, it was strongly affected in plants inoculated with agrobacterial strains AR9402 and A4. K content of plantlet was the highest in treatment inoculated with strain AR9402 (8.09 mg/gdw) followed by A4 treatment (6.45mg/gdw). Calcium contents in plantlets inoculated with agrobacterial strains AR9402 and A4 increased up to 0.5 mg/gdw and 0.65 mg/gdw, respectively, compared to the control at 0.15mg/gdw.
The effect of combined inoculation on essential nutrient distribution in leaves and roots of banana plantlets is shown in Table 2 . There was an increase in N, P, and K uptake in UPMB10 and UPMB11 treatments either combined with agrobacterial strains AR or A4 when compared to the single inoculation or the control. The combined inoculation of UPMB10 with agrobacterial strains AR9402 or A4 promoted the nutrient uptake (N, P, K, and Mg) of the host plant compared to single inoculation. The result showed that treatment with UPMB10+AR gave the highest N (6.71 mg/gdw), P (0.821 mg/gdw) and Mg (0.32 mg/gdw) uptake compared to other treatments.
Table 2 4. Conclusion
The experiments indicate that single inoculation with Azospirillum brasilense Sp7, Bacillus sphaericus UPMB10, Microbacterium oxydens UPMB11, Agrobacteria rhizogenes (strains AR9402 and A4) can enhance growth of in vitro banana plantlets. These bacterial strains become important to devise strategies to improve growth in tissue culture system through positive response on physiological characteristics as percentages of growth, number of roots, fresh and dry weight and total length of roots. At the same time, with inoculation the total content or the concentration of the respective biochemical activities, such as total soluble protein, peroxidase, nitrate reductase, proline, nitrate, soluble nitrogen, phenolic and chlorophyll of the host plants have increased but varied according to the type of bacteria used. The inoculation treatment also caused the increase in total N and P contents of the host plants. The combined inoculation treatment with rhizobacteria (strain UPMB10 or UPMB11) and agrobacteria (AR9402 or A4) enhanced plant growth when compared to the single inoculation. The combined inoculation has advantages over the single inoculation especially in producing higher biochemical activities of the plantlets. The combined inoculation treatment also enhanced nutrient uptake, especially N and P, compared to the single inoculation and therefore, can be considered as a bioenhancer for in vitro system. The results of the study clearly showed that combined inoculation of rhizobacteria and agrobacteria is a promising technique to enhance the growth of in vitro banana plantlets. 
